ABSTRACT. The application of traditional gas or liquid scintillation counting (LSC) is necessary for assessing radionuclide activity in countries without operating accelerator mass spectrometry (AMS) facilities. A simple and relatively inexpensive system of mini gas counters for measurement of radiocarbon in archaeological and environmental samples has been set up recently in the Krakow laboratory (Department of Environmental Physics, University of Mining and Metallurgy). The system is composed of a gas purification and counter filling line, three identical 15-mL copper/quartz counters, active and passive shielding, and an electronic unit with data acquisition. One counter measures 22 mg of carbon as CO2 with efficiency >95% at a background reduced to 0.044 cpm by a NaJ(Tl) guard counter and lead shield. The detection limit (1 Q) for a two-week measurement of 48 mL of CO2 is 0.52 pMC. The corresponding counting error of a 100 pMC environmental sample is 1.3 pMC for 22 mgC (one counter) and 0.75 pMC for 66 mgC (three counters filled with the same sample).
INTRODUCTION
Samples containing milligrams of carbon are currently 14C-dated mainly by the accelerator mass spectrometry (AMS) technique. However, in many cases, small gas counters can offer similar measurement parameters at very competitive prices. Traditional techniques, which can assure high sensitivity, accuracy and long-term stability, remain the only choice in countries where access to an appropriate accelerator is limited or impossible. Over the past few years at the Krakow laboratory, we have designed and put into operation a system of small counters. Further extension with counters of higher volumes is possible in order to cover the range from milliliters to ca. 0.5 dm3 of CO2. Laboratory experience shows that archaeological and numerous environmental samples require a technique for 14C measurements that provides acceptable precision for carbon content <1 g. We present here our construction of a simple and inexpensive system of miniature gas counters consisting of both commercially available parts and self-made electronic elements and mechanical parts.
Gas Counter
The small and miniature gas counters currently operating in 14C laboratories have been developed over last two decades, based on various technologies. The first small quartz-tube counters (Harbottie, Sayre and Stoenner 1979; Otlet et al. 1983 ) initiated further development of metal-tube counters (Jelen and Geyh 1986) made of low activity copper. The results from gas-counting laboratories point to a high-purity copper (OFHC) as one of the best cathode materials for gas counters. This was confirmed in a review by Mook (1982) , showing that when quartz, steel and copper are tested, the best results are obtained with copper counters.
The three miniature proportional counters (PC) studied are made of a modernized version of copper/ quartz described elsewhere (Jelen and Geyh 1986) , and produced in cooperation with the 14C Laboratory, Hannover. Isolators, used to close both ends of the counter tube (lids), were made of synthetic quartz (Suprasil, Hereaus, Hanau) and connected to the copper tube using a two-component glue (UHU, hard 300, FRG) . The anode wire, made of 25-µm gold-covered stainless steel (Leico Industries Inc, NY) is attached at one end to a small tension spring, and at the other it is soldered to a stainless-steel tube used for high-voltage input (Fig. 1) . The effective volume of the counter is 15 mL (ca. 94% of total volume), with an active length of 6 cm, diameter 1.8 cm and operating voltage 5200 V at 3 bars of CO2. All three counters work at the same high voltage. A long plateau of Ca. 1100 V (Fig. 1) begins at practically the same voltage for all counters and remains constant for at least three months. Jelen and Geyh (1986) . They are also comparable to the small and mini counters described by Otlet et al. (1983) and Kaihola et al. (1984 
Purification System
We decided to use CO2 as a counting gas because of its simplicity of technical operation and to avoid the complicated chemical procedures necessary for the synthesis of methane or higher hydrocar-bons. The required high degree of CO2 purity is obtained either by eliminating contaminants (especially electronegative NO, NO2, SO2, 02, etc.) in chemical reactions (Srdo and Sliepevie 1963; Jelen and Geyh 1986) or by physical purification on active charcoal (Schoch et al. 1980 ). This is a relatively easy and efficient procedure which can be partially automated. The purification glass line (Fig. 4) . Test experiments of background reduction carried out for different configurations (Table 1) showed that in the case of the best shielding efficiency (chamber A) background was reduced by a factor of 30 compared to that obtained outside the shield. Heusser 1989) in contrast to "young" lead, which may contain 20-500 Bq kg-1 of 210Pb and its progenies. In our case, a 5-cm-thick old lead layer inside the shield reduces background 1.6 times (Table 1) . A remarkably high contribution of? radiation from 214Bi content in construction materials (concrete, sand) is observed, e.g., the removal of 20% of the bottom lead layer in chamber B (Fig.  4) increased the background by a factor of 4, mainly due to a very well pronounced broad peak in the energy range 1100-1400 keV, a narrow one at 609 keV, and a higher low-energy continuous spectrum. A small contribution from the 1460 keV line from 40K was possible. Low-level laboratories organized in a basement or underground are potentially subjected to high radon levels. However, the ventilation system in the laboratory rooms and/or flushing the shield by nitrogen or "old" pure air removes this gas. Care should be taken to avoid radon progenies easily sorbed on surfaces. 
HV Supply and Electronics
A long and very stable plateau (Fig. 1) from each of the three counters allows the use of one highvoltage supply for the proportional counters while the second feeds the guard counter. Three counters (PC) are placed inside a well-type scintillation detector NaJ(Tl), which acts as a guard counter (GC).
Each PC specified above is equipped with a two-stage, charge-sensitive preamplifier (gain =125 V/ V) built next to it, in the same metal case. Signals from the preamplifiers feed an analog multiplexer and discriminator circuit, where they are digitized (Fig. 3) . Information on amplitude is sent from a logic block to the microprocessing system where it meets signals from PC and GC. Separation of coincidences from anticoincidences is performed with computer software. Input of the microprocessor board is isolated by an opto-coupler in order to avoid backward influences of digital to analog signals. Direct addressing to microprocessor memory (IntelTM 8031) reduces the total resolution time of the detection system to ca. 45 is. A simple personal computer collects data (RS-232 transmission standard) and allows for automatic control of the measurement process.
Our simple electronic unit performs pulse-height analysis; the basic concept is similar to that described by Otlet et al. (1983) , and also to that used at the 14C Laboratory, Hannover (Jelefi and Geyh 1986) . It uses four energy channels with adjustable low-level and upper-level discrimination and 1 channel for GC. Eight independent information channels allow connection to 8 counters. Possible future techniques for more advanced counting evaluation include pulse-shape discrimination with individual analysis of each pulse; the estimated background reduction would be ca. 20%.
"old" lead "new" lead paraffin with boron The miniature gas counting system was constructed and set into operation with a relatively small financial effort (total costs ca. U.S. $22,000, not including lead shield is measured for two weeks after each sample).
It was again documented that a massive shield made of materials selected for low radioactivity content plays a dominant role in background reduction, especially when a scintillation counter is used as a guard. The content of uranium and thorium series radioisotopes in constructional materials, especially radon and its progenies, may contribute considerably to the observed background. Purification of CO2 using the sorption technique seems to be an easy and reliable method for getting counting-grade gas. Further reduction in background by pulse-discrimination analysis for small carbon samples can improve the precision of measurements. However, sophisticated electronics are necessary, and for modern samples, the advantage is negligible.
